Tenancy has been a means for labor to advance their socio-economic condition in agriculture yet in Brazil and Latin America, tenancy rates are low compared to the U.S. and the OECD countries. We test for the importance of insecure property rights in Brazil on the reluctance of landowners to rent because of a fear of expropriation arising from land reform. Since 1964, the Land Statute in Brazil has targeted rental lands for redistribution. The expropriation of farms, resulting from land conflicts, is currently at the heart of land reform policies in Brazil. Land conflicts are a means for landless peasants to bring attention to land reform agencies for the need for redistribution. Land conflicts may also signal to landowners that their land is at risk for expropriation. Utilizing data across all counties in Brazil, we found that land conflicts reduce the likelihood of tenancy. This result implies: a reduction in agricultural efficiency; a reduction in the well-being of potential tenants, now landless peasants; and an expansion of the agricultural frontier through deforestation. Because of endogeneity between land tenancy and land conflict we instrument land conflict with Catholic priests.
Introduction
Compared to the rest of the world, farmers in Brazil rely relatively little on tenant contracts. 1 In agriculture, career mobility is associated with moving up the agricultural ladder from working for wages to renting to owning [Alston and Ferrie 2005] . Alone, this fact may not present a puzzle but coupled with the large number of landless peasants and large amounts of unused land the question is: why don't landowners with unused or under-utilized land negotiate land rental contracts with the landless. 2 In Brazil this avenue for advancement has been hurt by a reluctance of owners to rent in areas experiencing land conflict. The lack of rentals is an important issue because Brazil is geographically a large country, roughly the size of the continental U.S. and has an expanding agricultural frontier, some of which is cutting into the Amazon. If the lack of land rentals is pervasive across Brazil and also signals inefficiency in production, the total magnitude is likely to be large when summed across the country. Some scholars have attributed the lack of rentals to a fear by landlords that renters will become de facto owners because of existing legislation making it extremely costly to evict tenants, if they are in default with their rental payments [Buanin et al. (2008) ; Conning and Robinson (2007) ,de Janvry, Macours and Sadoulet (2002) ; de Janvry and Sadoulet (1989); Deininger (2003) ; and Macours (2002) .] A similar fear of rentals may arise from land reform projects [de Janvry, Macours and Sadoulet (2002) , Rezende (2006) ]. For example, in Brazil, land should be put to productive use or it may be subject to compensated expropriation [Alston, Libecap and Mueller (1999) ]. Renting land could be deemed unproductive use by land reform agencies and as a result owners would be fearful of renting [Buanin et al. (2008) , Brandão et al. (2001); Deininger and Chamorro (2003) ; Jamarillo (2001); World Bank (1994: 199-200) ]. An additional explanation for the lack of rentals rests on the labor and capital intensity of different crops. Some land may not be worth the opportunity cost of capital, and the return to applying labor via a rental contract may be close to zero. As such landowners may opt to leave land vacant as a potential 1 The use of land rentals is relatively low across all of Latin America. de Janvry, Macours and Sadoulet (2002) present tables showing the importance of land rentals across the world and for certain countries in Latin America. Data exhibited in Hayami and Otsuka (1983: 9) show that in 1970 Latin America only had 11.8% of farmland in tenancy while North America had 63.4%, Europe 41.0%, Africa 32.2% and Asia 16%. 2 The MST (Landless Peasant Movement) estimates that there are 4 million landless peasants in Brazil. However, this estimate includes all who are 'demanding land' and is broader than those with actual aptitude for agriculture and the intention to stay on the land.
store of value or in some cases collateral for credit to be used elsewhere. Alternatively, if farmers are fearful that land may be invaded and expropriated if left idle, they might opt to rent to demonstrate use and possession, particularly if the landlord has reason to trust the renter. To the extent that land conflict and land reform policies reduce land rentals and encourage expansion of the agricultural frontier into the Amazon, deforestation will result. By estimating the impact of land conflict on land rentals we can better judge the deficiencies in current land reform policies and this can be a guide for better policies in the future. Better land reform policies can be trebly important: 1) Lives can be saved and poor people's lot improved if tenancy is a step on the agricultural ladder; 2) land reform policies can improve the productivity of agriculture in Brazil; and 3) land reform policies can slow the rate of deforestation in the Amazon, which holds the largest stock of forest in the world.
We test for the impact of land conflict on land rentals by using municipio (county) level data from the Brazilian censuses along with data on land conflicts from the Pastoral Land Commission (CPT). In Section 2 we give a brief overview of the theoretical literature on tenancy contracts. In Section 3 we discuss the specific hypotheses to be tested for the Brazilian case. In Section 4 we describe the data and in Section 5 we present the results and discussion. We offer concluding remarks in Section 6.
Theoretical Hypotheses about Tenancy
The theoretical literature on tenancy is voluminous. We assume that the standard explanations for the efficiency of sharecropping and tenancy -share and fixed-rent -are now public knowledge. By standard explanations we mean risk and transaction costs. 3 In short, depending on the endowments of landlords and workers as well as their preferences towards risk, there exist conditions such that the optimal operator status can be either, owner-operator 3 By transaction costs we mean the information, monitoring and enforcement costs associated with contracting. They include issues of moral hazard and adverse selection. We stick to the Coase and Williamson pedigree in referring to the costs as transaction costs. We also follow in the footsteps of the agricultural economists analyzing tenancy in the early part of the 20th century. For a review of the some of the earlier work of agricultural economists see Alston and Higgs (1982) .
(with only household or with hired wage workers); sharecropper; share tenant; or fixed-rent tenant. 4 In the U.S. in the 19th and early 20th centuries there was a life-cycle to contract choice which agricultural economists referred to as the agricultural ladder. The 'ladder' referred to the movement with age from the statuses of wage worker to tenant to owner [Alston and Ferrie (2005) ; Alston and Kauffman (1997) and (1998)]. Climbing the rungs on the ladder meant acquiring human and physical capital as well as improving socio-economic status. Most transaction cost explanations for contract choice rest on the costs of information, negotiation, supervision and enforcement. The plethora of explanations based on transaction costs (or market failures) arose because many economists initially took to heart the Marshallian inefficiency argument and then had difficulty explaining why various forms of tenancy and sharecropping have been so ubiquitous over time and space (Marshall, 1890) . Now economists are turning the issue on its head: why are there some regions of the world that rely too little on tenancy and sharecropping, given the existence of transaction costs? Consistent figures are difficult to find but both North America and Europe stand out in the high percentage of land and farm establishments rented. For example, de Janvry, Macours and Sadoulet (2002; pp. 24-25) present data showing that farmers in the U.S. leased 45% of agricultural land in 1988 and in
Europe the figures for 1995 range from a low of 12% for Ireland to above 60% for Belgium, France and Germany. Figure 1 shows the evolution of tenancy in Brazil from 1920 to 1995. The total number of farm establishments that were rented fell nearly half from 1970 (20%) to 1995 (11%), while the corresponding area fell from a high of 10% in 1940 to a low of 2.5% in 1995.
[ Figure 1 here]
Most explanations for the lack of rentals rest on the insecurity of property rights.
Insecure property rights may reduce the prevalence of rentals because of difficulties in conflict resolution. If it is difficult to evict tenants who do not meet the rental terms, landlords may respond by using wage labor or by only renting to those they trust such as relatives and 4 de Janvry, Macours and Sadoulet (2002) provide a very helpful table of the 'contextual conditions' under which each land tenure status is observed.
friends. 5 In some countries tenants receive the right to purchase the land that they rent and not surprisingly landlords may be reluctant to rent. 6 Some governments prohibit land rentals on land redistributed through land reform projects, either de facto (because there are frequently delays in assigning formal titles) or de jure because of a fear of absentee beneficiaries.
7 Conning and Robinson (2007) analyze the effect of property rights insecurity on agricultural organization by linking a model of contract choice to a political economy model of potential property rights reform. In the contract choice model the key feature is the existence of an essential non-traded factor (skill) that is required for production in addition to land and labor. Because this factor cannot be traded, the efficient organization of agriculture requires farm sizes that are proportional to the distribution of this factor, with land being leased from those who do not have enough of the essential factor to those with an excess relative to their own holding of land. This first-best situation will hold if property rights are secure. But if the agents have reasons to fear that future events might bring a change in the security of property rights, such as a land-to-the-tiller reform, then the agents might optimally chose to forgo the potential gains of entering into tenancy contracts so as to avoid the losses that will be borne if the threat does in fact materialize. The approach thus includes two market imperfections -a non-traded factor and insecure property rights-with both reform and the extent of tenancy being endogenously determined. The most important testable hypothesis that emerges from the model is that anything that increases the threat to property rights will lower the incidence of land rentals. We will test this hypothesis with county level data for Brazil in Section 4.
A similar approach that integrates the choice of agricultural organization to the political economy of reform is presented by de Janvry and Sadoulet (1989) to analyze what they call 'the lost game of Latin American land reform.' The equilibrium they see prevailing in most of Latin America is one where the threat of reform in the 1960s induced large and medium sized farms to modernize and increase their productivity so as to preempt any form of expropriation, which in turn increased their economic and political power thus hindering any future attempts at 5 Macours (2002) found that in the Dominican Republic landlords were more likely to rent to those in their same social network. 6 This was the case in the Pampas in Argentina under Peron (Gallo, 2003) ; and in the Dominican Republic following legislation passed in 1972 (de Janvrey, Macours and Sadoulet, 2002) . 7 Brazil is probably not atypical in the long delays associated with assigning formal titles. In Mexico, until recently, the government forbade the renting of ejidos.
reform even though these could potentially lead to large net social gains. Although the authors refer to distributive land reform, the argument fits perfectly the history of tenancy in Brazil where legislation put into place in the early 1960s was explicitly hostile to tenancy and sharecropping contracts thus inducing landowners to expel masses of tenants from their lands in the following decades (further details in section 3).
In addition to the fear by landlords of expropriation (de facto or de jure) there may be factors on the demand side limiting rentals. It may be that many 'would be' renters lack either the physical capital or human capital necessary to profitably rent land. We are less persuaded by the physical capital constraints because presumably rental markets for physical capital should arise, though we recognize that there are transaction costs associated with abuse in renting capital that may preclude the emergence of active rental markets. On the human capital side many potential renters may lack the skills necessary to successfully rent. This may be particularly important where the region is shifting to new crops, e.g. niche crops like flowers or even a switch from tree crops like coffee to annual crops like soybeans.
Hypotheses about Tenancy in Brazil

-Introduction
In this paper we utilize a dataset that includes all counties in Brazil and contains variables that measure both the agro-climatic/geographic determinants of contract choice, as well as the political economy determinants. We will estimate a system where the dependent variable of each equation is the percent of total farm area that is held under each of the four categories included in the Brazilian Agricultural Census: fixed rent, sharecropper, owner and occupant (no formal title). 8 In order to measure the extent to which contract choice is determined by the natural and physical endowment of each county, we will use as independent variables the percent of total farm land that is placed under cotton, rice, coffee, cane, beans, 8 In the Brazilian Agricultural Census fixed rent are those properties that belong to a third party but are worked by a producer who pays a previously set fixed quantity in cash or its equivalent in products. Sharecroppers work properties that belong to a third party in exchange of a previously set proportion of the production. Occupants are those on land that belongs to some third party (may be public land) with no payment in exchange, which might be the case of squatting or of consensual cession of the use of the land. Owned land belongs to the producer on the land.
manioc, corn and soy beans. Each crop has its own physical attributes and agro-climatic requirements which determine where they can be grown and the best farm size, given relative prices. At the same time each crop's attributes along with attributes of the landowner imply that a given type of contract would be best for dealing with the problems inherent in its production. Coffee, for example, is a perennial crop, by nature labor intensive, has few economies of scale and consequently tends to be produced more productively by smaller owner-run farms than by fixed rent contracts. 9 Other variables that control for the impact of endowments, capturing elements of geography, transport costs and climate, are the distance to state capital, transport costs to São Paulo, existence of train stations and latitude and longitude. 10 The major objective of the empirical test is to ascertain whether the choice of agricultural organization in terms of contract choice is essentially determined by endowments, that is agro-climatic and geographic factors, or whether political economy factors also have an effect, distorting the choice of contract by limiting the extent of tenancy despite its superiority in terms of efficiency, given the crop mix in the county. To this end we use data collected by the Pastoral Land Commission of the Catholic Church (CPT) to measure the extent of land-related violence in each county from 1985 to 1995. In those places that experienced violence and conflict, land owners and claimants expect a greater probability of intervention from the government, generally in the form of expropriation and redistribution of land to landless peasants through the creation of settlement projects (Alston, Libecap and Mueller, 1999a , 1999b , 2008 . The struggle for land in Brazil since the mid 1980s has essentially revolved around the strategy by organized groups of landless peasants, such as the Landless Peasants Movement (MST), of selectively invading properties that are legally vulnerable to expropriation (low productivity and/or large area) so as to attract the government and force it to expropriate in their favor. The impact of conflicts affects not only the decision of whether to plant or not, but also whether to engage in tenancy contracts. One of the main reasons for this is that the Land Statute of 1964, which still underpins all of the land related legislation, imposes very rigid 9 Potentially long term leases could deal with the perennial nature of coffee but perennial leases may be more problematic with respect to the land statute and constitution's emphasis on beneficial use, issues that we discuss shortly. 10 Other factors such as soil type, temperatures, rain, sunshine etc are partially captured by state dummies.
limits for tenancy contracts and explicitly states that farms in rental arrangements may be preferable candidates for redistribution. 11 The origins of this bias in the legislation may be a reaction to the historically very unequal distribution of wealth and power in the Brazilian countryside. Nevertheless, as noted in World Bank (1994: 199) :
… the perverse effect is to reduce access to exactly those people the regulations were designed to protect. In addition, the Land Statute contains other provisions that relate the incidence of renting and sharecropping to the possibility of expropriation of farms, that is, the law provides that "expropriation... will be applied to: ... areas with high incidence of renters, sharecroppers and squatters." The threat of expropriation may have been much more effective in constraining the rental market and sharecropping arrangements than the provisions that regulate such arrangements. This seemed to be particularly true when claims for land reform were increasing.
Another strong legal impediment to tenancy in Brazil is the 1963 Rural Worker Statute that extended the set of legal labor benefits already held by urban workers to those in agriculture (Rezende and Kreter, 2007) . 12 The Statute set regional minimum wages, established the 13th salary, holidays, payment for overtime, 48-hour workweek and limited the employers' acceptable justifications for firing. It is argued by several authors that even though this regulation was not well enforced, it was far from innocuous and the imposition of these encumbrances led landowners to dispense hordes of rural workers, both tenants and wage workers and to switch towards using temporary workers [Saint, 1980; Ribeiro and Stolf, 1975; Nichols, 1971 , IPARDES 1978 Carvalho, 1991] .
Given this nature of land and labor policy in Brazil, our expectation is that the variable that measures conflict will be negatively related to both the percentage of area in fixed rent and sharecropping and positively related to the area in owner-farmed properties, even after controlling for endowments. Although labor legislation and those parts of the land legislation that directly refer to tenancy impose impediments to this type of contracting, land reform legislation may provide incentives in the other direction. As noted above, land reform today in
Brazil starts with invasion of unproductive properties by organized landless peasant groups with the government providing land reactively. In this scenario it may make sense for a landowner 11 For a very good discussion of the hostility towards tenancy arrangements in Brazilian legislation see Rezende (2006, section 8) . See also Romeiro and Reydon (1994) . 12 To the present day Brazil possesses very progressive labor laws conceding a wide set of benefits and privileges to rural and urban workers. Labor justice in Brazil almost always decides in favor of the employee, which at least reduces uncertainty. However these benefits make for more rigid labor markets and may increase unemployment. who wants to hold land but not yet put it to use, to lease the land as a means to make it productive and thus immune to expropriation. 13 Our results will thus allow us to test which effect of conflicts predominates in Brazil or if they cancel each other out. If the coefficient is found to be positive and statistically significant for fixed rent and sharecropping, then we can conclude confidently that land reform provides incentives for landowners to enter into more rental arrangements than they would in the absence of conflicts, and the low levels of tenancy in Brazil would be even lower without conflicts. This result would be in line with that found in Ghana by Besley (1995) , in Uganda by Place and Otsuka (2002) , in Paraguay by Carter and Olinto (2003) , in Africa by Pinckney and Kimuyu (1994) and for Brazil by Vertova (2006) . Finally, if we find the coefficient of conflicts in the fixed rent and sharecropping equations to be negative, this will be strong evidence of a perverse effect of land legislation on the choice of agricultural contract leading to inefficiencies of the type predicted in the models by Conning and Robinson (2007) and de Janvry and Sadoulet (1989 
-Instruments for the First-stage Estimation of Conflict
Our major objective is to determine the relative impacts of conflicts and endowments on contract choice. However, there is a potential endogeniety of conflicts that would render OLS estimates inconsistent, given that land invasions and other forms of violence may be more probable in areas where there is a greater incidence of tenancy arrangements and farms without formal title. This endogeneity is in fact confirmed by a Hausman-Wu test which will be 13 During much of the 1970s and 1980s the lack of a more highly developed financial system meant that land ownership was a widely used instrument to hedge against inflation. This resulted in large areas of unproductive latifunidia despite the possibility for the owners to gain twice by renting the land out to productive use while still fulfilling its financial objective. Rezende (2006) argues that this outcome is a consequence of the hostility of the agrarian legislation towards tenancy arrangements. 14 Pande and Udry (2006) provide a very detailed review of the literature on the effect of property rights on economic outcomes in agriculture in developing countries. In Table 5 they summarize numerous studies for many different countries. The results in the literature vary considerably leading the authors to conclude that "… land titling and registration typically increase agricultural productivity and farm investment. However, the extent of increase depends upon the details of the titling program and the pre-existing land tenure system." presented in the results section. Therefore we need to find appropriate instruments for conflict in order to estimate a first-stage equation that will allow us to control for the potential simultaneity. These instruments must be correlated with conflicts but should have no direct effect on contract choice.
The dependent variable of the second-stage regression is contract choice in 1996 (the last agricultural census available with county level data). Because we want to determine the impact of conflict on contract choice, the conflict data aggregates all land-related conflicts in each county from 1985 to 1995. 15 Thus an instrument which is correlated with conflict should be situated in the 1980s. An examination of the nature of rural conflicts in Brazil indicates the crucial role of organized rural movements. The literature on these movements in the late 1970s
and early 1980s identifies a key role played by the Catholic Church, suggesting that a possible instrument for conflicts could be the magnitude of the presence of the church in a given county. The politics behind the struggle for land in this period was not so much, as one may expect, a contest between poor rural communities against the military state, but rather a campaign by the military-technocratic elite against regional oligarchies and local elites that resisted the modernization of the countryside seen by the government as essential for the development of the country (Houtzager, 2001) . The government sought to empower the rural communities by encouraging rural unions that would, under its tutelage, organize the poor and
give the state a stronger presence in rural areas:
The military-technocratic elite extended the developmental state into the countryside in an effort to modernize the agrarian sector and, in doing so, sought to replace an oligarchic pattern of authority based on traditional and clientelist forms of social control, and in which agricultural wage laborers and small farmers in various forms of land tenure were effectively excluded from existing labor legislation, social security, and national law generally. (Houtzager, 2001:16) In a parallel but separate effort the Catholic Church, which was transforming into the "most progressive Church in Latin America" (Bruneau, 1985: 271) , having made in the late 1970s a 'preferential option for the poor', became instrumental in organizing groups of landless peasants to demand their rights (Mainwaring and Wilde, 1989) . As noted by Houtzager (2001: 23-24): 15 Note that this gives some element of dynamics to our estimation despite it being a cross-section.
The church was an ideal institutional host. It is a transnational institution with firm roots in rural communities. It is able, on the one hand, to garner critical resources, information, and political support from national and international sources and, on the other, it is a local actor represented by the Bishop, the parish priest and local pastoral agents. Progressive clergy and lay activists in Brazil were able to mobilize rural social groups (primarily small farmer and peasant groups) and local resources through the church's impressive associational web, its own elaborate organizational structure, and a popular religious identity. The church's myriad pastoral programs, the CPT and other church entities, linked community leaders and activists to each other and to the national movements of the left emerging in the transition. …The religious content of its organizing initiatives resonated with the prevailing belief system in rural communities and allayed the fears of community members of being labeled communists and agitators by local authorities and the military. Religion conferred a degree of legitimacy and provided protection from repression by local elite groups and the national state. This depth of the church's involvement in organizing rural social groups and its direct, selfconscious, sponsorship of these groups' involvement in a national movement, distinguishes the church as institutional host from the church as a simple ally.
This key role of the Church in organizing rural communities is highlighted by one of the founders and still currently the main leader of the MST, João Pedro Stédile:
The CPT (Pastoral Land Commission) was the practical application of the Theology of Liberation, which was an important contribution to the landless peasants' struggle from the ideological point of view. The priests, pastoral agents and pastors discussed with the peasants the need for them to organize themselves. The Church stopped doing messianic work and saying to the peasant: 'Wait and you will go to heaven.' Now they started saying 'You have to get organized and fight to solve your problems here on earth' (quoted in Menezes Neto (2007) .
This instrumental role of the Catholic Church in enabling the rural organizations that would change the nature of the struggle for land after 1985 is also recognized by several other authors, such as Adriance (1991, 1994, 1995) , Hewitt (1990) and Krischke (1991) , Mainwaring (1986 ), Maybury-Lewis,(1994 . Therefore a variable that measures the strength of the church's presence in a given county during the 1975-1985 period would be expected to correlate with the existence of conflicts over land. We thus use the number of priests per hectare in a county in 1985 as a proxy of the church's presence. 16 In order for priests to be an appropriate instrument for conflict in our contract choice regression it is necessary to show that there is no direct impact of priests on contract choice. Because our argument depends on the validity of the instruments we 16 The sources and description of the data used will be provided in the next section. Also during this period the Catholic Church started losing believers to rapidly growing evangelical groups. The allocation of priests is potentially affected by all these interests of the church, further reducing the probability that land tenure is a major determinant.
Furthermore, although the total number of priests increased by 16% in Brazil from 1985 to 1995, the correlation across municipios in those two years is 97%
suggesting that the allocation of priests remained very stable in the 10 years prior to our contract choice variable. Contributory factors for this inertia are the reluctance of priests to move to smaller cities in the interior, and the restraining effect of infrastructure, such as churches and priest's quarters on changes in priest allocation. In order to better capture the catalyzing effect of priests over rural organization we will interact our priest variable with another variable that measures the 'frontierness' of the county. The idea is that frontier areas are more contentious, with less well-defined property rights than areas that are already well established (GarciaJimeno and Robinson, 2009) . Similarly, in these areas the priests will suffer less monitoring from hierarchical superiors that tend to be less progressive and will thus have greater liberty to pursue more radical interventions in line with Liberation
Theology. This strategy will allow us to identify how the effect of priests on conflicts varies depending on the socio-political nature of the county in question.
In order to measure the 'frontierness' of a given county we take advantage of the fact that over time the number of municipios in Brazil has greatly increased through the subdivision of counties into two or more autonomous entities. This movement has lead to an increase from 643 counties in 1872 to 5,507 in 2000. The evolution of the number of counties shown in Figure 2 suggests that the creation of new counties accompanies the expansion of the economic, demographic and agricultural frontiers (Reis, Pimentel and Alvarenga, 2009 varying from 482 MCAs that subdivided twice to one that subdivided 52 times. This variable will be used in the conflict equation both to access its own impact on conflict as well as interacted with the priest data. An alternative to try to capture the same effect is the distance from the state capital, which will also be used, however the frontier index is superior as the furthest places are not always where the frontier has expanded the most.
[ Figure 2 here]
[ Figure 3 here]
Another instrument that will be used to account for the possible endogeneity of conflicts in the contract choice equation is the percent of seats in each county assembly that were won by the MDB (Brazilian Democratic Movement) in the 1982 election and by the PT (Worker's Party) in 1996. Each of these parties was the main opposition party in each of these years. The logic is similar to that of using the number of priests. In counties where the opposition had a greater influence there would be greater ease for progressive ideas and organization to thrive, leading to higher chances of invasions and land-related conflicts (Houtzager 2001, 25-26; Ondetti, 2008: 52-53) . Here again, for the instrument to be appropriate it is necessary to argue that political parties do not have a direct effect on the choice of land contract. As was the case for the Church`s interests, it is much more probable that political parties were concerned with more salient issues such as jobs, redistribution, public services, etc., or even land and labor conflicts than with type of agricultural contracts. In any case we present the results with and without the use of opposition parties as instruments.
Data
Our estimation procedure, presented in the next section, involves a first-stage regression to obtain predicted level of conflicts per hectare in each county, and then a second stage where contract choice is the dependent variable. This involves four general groups of variables which we describe briefly here leaving the details to Appendix 1. As noted above the observations are at the level of minimum comparable areas for the period 1970-2000, which comprises a total of 3659 observations. Some of the variables were available for downloading from IPEADATA (www.ipeadata.gov.br) in the MCA format, but other variables, such as the conflict and priest data, and even some of the agricultural census variables had to be painstakingly aggregated to fit the MCA format.
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The first group of variables is from the Agricultural Census (IBGE). This includes the contract choice variables (% of total farm land), crop mix (% of total farm land), land use variables (natural forest, planted forest, permanent crops, temporary crops, pasture, etc, all in % of total farm land), average size of farms (hectares), tractors per hectare. We use agricultural data for both 1995 and 1985, sometimes to calculate growth rates.
We acquired conflict data from the Pastoral Land Commission (CPT) of the Catholic
Church. The CPT released data on conflicts in yearly reports since 1985. The data cover threats, murders, murder attempts and occupation, by municipio. We used this data to create a simple additive index. In this index we gave a weight of ten to occupations because these are central to land conflicts and involve large numbers of people. A non-weighted index yielded essentially the same results. 18 In creating the index the total number of violence-related incidents is divided by the number of farms in the muncipio.
The third set of variables measures the presence of the Catholic Church in each county.
This data is from Catholic Hierarchy (http://www.catholic-hierarchy.org/) which provides not 17 We thank Mario Miranda and Adam Canton for research assistance preparing the data. 18 The index is merely additive instead of being created by principal components because most observations had no conflicts, and these methods do not work well when the series have many zeros. Table 1 .
[ Table 1 here] to be interpreted taking into account the coefficients of all three variables, priests, frontier and the interaction term. This impact is more easily perceived in Figure 4 that plots the estimated coefficient of priests for every value of the frontier index in our sample (1 to 52). 19 The interpretation is that for municipios where the frontier index equals 1, that is, those that have been consolidated since 1970, the estimated coefficient for priests is negative but not significant. For municipios with a frontier index greater than or equal to 2 the impact of priests on conflict is positive, significant and growing as the index increases. An additional priest per 1000 rural population in a county with a frontier index of 10 leads to 0.31 additional conflicts per 1000 farms. At a frontier index of 20 this value jumps to 0.71 conflicts. These results imply that priests serve as catalysts for land related conflict by organizing social movements, as recognized in the literature cited in the previous section. Our result qualifies this perception by
Estimation and Results
-First-stage: Determinants of Rural Conflict
showing that it is stronger in areas that are currently undergoing a more intense frontier process. Besides these impacts through priests, the frontier index also has a positive and significant direct on conflicts, with a unit increase in the index leading to an additional 0.02 conflicts per 1000 farms. A McDonald and Moffit (1980) decomposition of the marginal effects of the independent variables on the number of conflicts shows that 18% of these effects work through muncipios that already have conflicts (above the limit) and 82% through those that do not. This implies that policies that seek to reduce the determinants of rural conflicts should not focus exclusively in areas that have already experienced violence, as the potential for conflict is often latent even in areas that have been apparently peaceful in the past.
In addition to the influence of priests and the frontier we also use as an instrument for conflict the strength of the opposition party in the county assembly (MDB in 1982 and PT in 1996) . Both of these variables are found to have a positive and significant impact on conflicts. In order to compare the effect of priests with that of opposition parties we calculated the effect of a one standard deviation increase in each of these variables. The impact found for the strength of the opposition party in 1982 is 0.11 additional conflicts per 1000 farms and that for 1996 is 0.07 additional conflicts. In order to compare the impacts of priests and politicians we have to consider that the effect of priests varies with the level of the frontier index of the municipio.
When the index is set at 2, a one standard deviation increase in priests leads to a decrease of 0.15 conflicts. When the index is set at 3 the impact is an increase of 1.26 conflicts per 1000 farms. Thus priests have a greater impact on rural conflict than politicians only in the more frontier municipios.
[ Table 2 here]
[ Figure 4 here]
Of the three geographic variables, distance to state capital is positive and significant, while latitude and longitude are statistically equal to zero. Latitude and longitude capture the effect of temperature and other climatic factors, so this result suggests that these factors are not important determinants of conflicts. However the state dummies also partially capture the same factors. We found some variables that control for the level of agricultural activity in the county to be negative and statistically significant. Brazil, as is, by definition, unused land, whereas temporary and permanent crops are more often associated with higher levels of activity. The results also show that rice, coffee, beans and manioc are less likely, ceteris paribus, to lead to conflict. Once again this fits the notion that conflict occurs where agriculture is more active, as these crops (except for coffee) are more often associated with subsistence farming. Soybeans on the other hand are found to be positively associated with conflict. In addition state dummies are statistically significant for 20 We used GDP growth rather than levels to reduce the possibility of endogeneity of GDP. Removing GDP from the equation has practically no effect on the other results.
several states, indicating that there are many idiosyncratic factors not captured in our other variables.
-Second Stage: Determinants of Contract Choice
The objective of the second-stage regression is to test for the determinants of contract choice. The dependent variables are the percent of total farm land that is cultivated under fixed rent, sharecropping, by the owner or cultivated without formal title. We will thus estimate a system of four equations through seemingly unrelated regression. The advantage of this method is that we can restrict the coefficients of every variable in the four equations to add up to one. This is desirable because the dependent variables are measured in percent of total farm land so that if a change in an independent variable causes one of the dependent variables to rise, this must be compensated with a decline in one or more of the other three dependent variables. Furthermore, because the conflict variable that enters each equation is endogenously estimated in the first stage, the method will actually be three-stage least squares, which besides applying instrumental variable estimation to each equation also controls for contemporaneous correlation in the errors. That instrumental variables are necessary is confirmed by a Hausman-Wu test in each of the four equations (see last line in table 3 ). The exogeneity of conflicts is strongly rejected (1%) for the sharecropping, fixed rent and owner cultivated equations, though it is not rejected for the equation that measures occupied land.
We present the the non-instrumented, though not consistent results in Table A1 in the appendix.
The purpose of the estimation is to ascertain the relative impacts of endowments and political/institutional factors on the form of agrarian organization. The endowments of a given county are captured by the crop mix that is found to prevail in 1995, the idea being that given relative pries, the choice of crops is overwhelmingly determined by agro-climatic and geographic factors, i.e. you can't grow coffee too far south because of the frosts. Latitude and longitude coordinates are also used to control for these factors in addition to the crop mix variables and the land use variables. In addition we control for other factors through variables that measure distance to the state capital, transportation costs, the growth from 1985 to 1995 of the municipio's GDP, tractors, cattle, population growth, urbanization and population density.
The political/institutional determinants of contract choice are captured by the conflict variable that was estimated in the previous section. The conflict variable includes any incidence of land related violence that was registered from 1985 to 1995 by the CPT (Pastoral Land Commission). The assumption is that the existence of such events in a county reflects a perception by economic agents of property rights insecurity that, given the biases in Brazilian land legislation and enforcement discussed in section 3, may affect their choice of contract. Our interest is not only to determine whether these issues actually affect contract choice, but also the direction of the impact. In Section 3 we showed that there are theoretical models and empirical evidence in the literature going both ways, that is, greater property right insecurity leading to both less and more tenancy arrangements. Our results are shown in Table 3 .
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[ Table 3 here]
The results show that the crop mix that prevails in a given county affects the form of These results show that the negative effect of conflicts on tenancy arrangements is large, decreasing fixed rent contracts from over 4% to less that 3% and sharecropping by half, from almost 2.5% to approximately 1.25%. Correspondingly, a one-standard deviation increase in conflicts increases the average level of owner-run farms from about 83.5% of the total farm area to 86%. The crops that have the greatest impact are shown by this exercise to be sugar cane, rice and soybeans, increasing both forms of tenancy and reducing owned area. When we use the 1975 priest data in the first regression as a further measure to assure an appropriate instrument, the results remain basically the same.
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[ Figure 5 here]
-Testing the appropriateness of the instruments
For the results just presented to be valid it is necessary that the instruments used have certain properties. The first is that they have a clear effect on conflict. The second is that the only reason for the relationship between contract choice and priests is the first stage. One way to test for the first property, that is, whether the instruments are weak, is through an F-statistic on the joint significance of the instruments in the first-stage regression (Stock, Wright and Yogo, 2002) . If the F-statistic is greater than a given threshold value then the instruments can be considered as not being weak. The threshold value at 5% for the case of 5 instruments is 9.20 (Stock, Wright and Yogo, 2002 : Table 1 pg. 522). Table 4 In order to test the second property of the instrument, that is, the exclusion restriction, a Sargan-Hansen statistic to test for overidentifying restrictions would be recommended.
However this is not possible in our case because although we do have several instruments in the first stage, the second stage is actually estimated using the fitted value from the first stage as a single instrument rather than plugging in the separate fitted values. This procedure is necessary because the first stage is nonlinear (Wooldridge, 2002: 542; Angrist and Pischke, 2009 [ Table 4 here]
-Testing the robustness of the negative relationship between conflict and tenancy
The strong negative relationship found between insecure property rights and tenancy arrangements contradicts studies that predict insecure property rights will lead to incentives for more investment as a means to signal occupancy and use and thus preempt invasion and expropriation ( Besley 1995 , Carter and Olinto 2003 , Place and Otsuka 2002 , Pinckney and Kimuyu 1994 and Vertova 2006 . One might interject, however, that our estimation of the full sample of Brazilian counties only provides an overall average, and that the effect of property rights on agrarian organization might vary in different regions or for different subsamples.
Similarly it may be the case that the effect we estimated is valid only for the specific time period of our data, that is conflict from 1985 to 1995 affecting contract choice in 1995, and the relationship might have been different before and after this specific window. In this subsection we test the robustness of our findings to consider its validity more generally.
The first check is to look at the data for contract choice and violence graphically, which allows us to include data from other census years and thus get a more dynamic picture. In Figure 6 we plot the % of total farms under fixed rent and sharecropping for the census years from 1970 to 1995, separating the counties into subsamples that experience some violence from 1985 to 1995 and those that had none. 22 The graph shows that since 1975 those areas with conflicts had about half of the area in tenancy arrangements of those that did not.
Furthermore it shows that overtime the use of tenancy arrangements is slowly falling in both areas with and without conflicts. Also, the impact of violence has decreased slightly from 1985 to 1995 for sharecropping but not discernibly so for fixed rent, a result we shall return to below.
These results are for the country as whole. When the data are analyzed for specific regions separately, we find that there is significant regional variation. Figures 7 and 8 show the data for the southern and the north (Amazon) regions. In the south there is no apparent impact of conflicts throughout the entire period and about twice the use of tenancy arrangements than the country average. In the north there was significant use of fixed rent contracts up until 1985
with a high impact of violence. Probably as a consequence of the widespread violence in the region by 1995 the use of tenancy arrangements had become almost negligible.
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[ Figure 6 , 7 and 8 here]
Given this regional variation we ran a regression allowing for a separate coefficient for conflict for each state by interacting conflict with each of the state dummies. In this regression the dependent variable is the sum of the area in fixed rent and in sharecropping. Of the 27 states 20 had a negative and statistically significant impact of conflict on tenancy. In six states conflict was found to have no effect, and in one single state the relationship was positive and significant. This state was the Federal District, but this is somewhat of an outlier given that it is a one-municipio state, while all other states have hundreds of counties.
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Another possibility is that there are some counties that have certain characteristics that make for a positive relationship between conflicts and tenancy, but that are not grouped regionally, being instead dispersed throughout the country. In order to test for this possibility we implemented a bootstrapping exercise that repeatedly sampled from our data set of 3659 municipios sub-samples of size 500 and ran an instrumental variable regression on the % of total area in fixed rent, registering the coefficient and standard deviation of conflict. 25 The total number of repetitions was 10,000 to allow for a great number of combinations of municipios in the subsample. The idea is to see if some combinations of counties are randomly drawn that have a positive relationship of conflicts and fixed rent area. If so we can gauge how frequently this happens and what are the characteristics of those samples. The distribution of the estimated coefficient for conflict is shown in Figure 9 . Of the ten thousand regressions 1,380
had coefficients that were statistically significant at least at 10% and are included in the 23 Graphs for the other three regions are omitted in the interest of space. 24 These regression results are available upon demand from the authors. 25 We used only fixed rent because it was too demanding computationally to run the full 3SLS system 10,000 times and fixed rent is the more prevalent of the tenancy arrangements.
distribution. The mean of the distribution is -0.009 which contrasts with the coefficient for the whole sample of -0.0025. Of all the coefficients that were significant, only 110 (8.7%) were positive, while 1270 (91.3%) were negative. Repeating the same exercise with samples of 1,000 yields 3,346 significant coefficients out of which 2.2% were positive and 97.8% negative (see Figure 10 ). With N=2,000 there are 6,726 significant coefficients and only 0.1% are positive. As N increases there is thus a convergence of the estimated coefficient to the full sample value of -0.0025 and fewer occurrences of positive coefficients.
[ Figure 9 here]
[ Figure 10 here]
This provides strong evidence that the negative relationship between conflicts and tenancy arrangements is general across counties. Even with the smaller sample size of 500 we incur a Type-I error of only 1.1% when we reject the hypothesis that conflicts are positively related to fixed rent tenancy. 26 This indicates that those subsamples found where conflicts increases tenancy are probably flukes rather than samples with special characteristics. In any case we examined 20 of those 110 positive samples to see if any systematic characteristics could be found. This was done by performing difference in means tests for all variables in our data set comparing these N=500 subsamples which exhibited the positive coefficients with the overall sample where N=3659. Although each of the samples had a few variables that proved to be statistically different from the full data set, there was no evidence of characteristics systematically related to all or most of the samples. The estimated impact of distance to the state capital, for example, was statistically different in 6 of the 20 samples, but in 3 of those it was larger and in the other 3 smaller. The evidence is thus overwhelming for a negative impact of conflict on tenancy in Brazil in 1995.
-Which Tenancy Contracts are Forgone Due to Property Rights Insecurity?
With census data aggregated at the municipio level we cannot directly examine which types of contracts are most affected by the property rights insecurity in the form of land conflicts. Figure 11 , constructed using that data, shows the distribution of fixed rent and sharecropped farms both in terms of area and number of properties. These distributions show that sharecropping tends to take place on smaller farms, but this does not provide any information on the channels through which conflicts affect contract choice. We can, however, get at this issue indirectly by using our data to test the determinants of average farm size. This can be done by using the results from our contract choice regression (Table 3) to calculate how a change in violence affects average farm size through its effect on contract choice. In order to do this we assume that all the variables in the contract choice regression, as well as the instruments in the conflict regression, affect average farm size indirectly through the choice of contract type. Thus in Table 5 we regress average farm size on the contract variables and add state dummies to capture other fixed local effects. Because the four contract type variables add up to 1 we cannot have them all simultaneously in the regression and must leave one out. This excluded variable will be the one against which the estimated coefficients for the other three variables will be interpreted. Each estimated coefficient measures the amount by which average farm size changes given a change in that coefficient keeping the other two fixed. If we exclude the variable '% owned', for example, the estimated coefficient for '% fixed rent' gives us a measure of how average farm size is affected by an increase in the % area under fixed rent and corresponding decrease in % area of owned properties, keeping 'sharecrop' and 'occupied'
fixed. In Table 4 we show four estimations each excluding one of the four contract variables.
We will focus only on the first column of Table 4 that excludes owned properties because our main interest is to understand how violence affects the choice between renting and farming directly oneself.
[ Figure 11 here]
[ Table 5 here]
The results show that a decrease in the area under fixed rent leads to a decrease in average area, and that a decrease in sharecropped area leads to an increase in average area, both statistically significant at 1%. This implies that when conflicts reduce both types of contracts, as we showed above, the impact on average farm size is different through fixed rent and sharecropping. Because a drop in fixed rent reduces average farm size, it must be that the fixed rent contracts that are being forgone on the margin involve farms larger than the average size. Thus an increase in violence that reduces fixed rent contracts is on average impeding larger properties (compared to the average in the municipio) from contracting. With sharecropping the effect is the opposite. When violence decreases sharecropping the average farm size increases, which implies that the sharecropping must occur predominantly in properties below the municipio average. The coefficient for occupied is not statistically different from zero so no changes to average farm size take place when occupied area changes.
These results show that the losses in efficiency due to insecure property rights that we identified involve the forgoing of fixed-rent contracts on larger size farms and the forgoing of sharecropping contracts on smaller size farms.
In order to measure the magnitude of these effects we use the contract choice equations in Table 3 to estimate how much a change in violence from zero to the average level of violence in those muncipios that had any violence (that is, 4.4 conflicts) affect the size of fixed rent and sharecropped farms. The effect of this change in violence on average farm size through its impact on fixed rent is a decrease from 163.8 to 156.6 hectares, that is a drop of 4.4%. The effect through sharecropping is an increase in average farm size from 167.5 to 180.8
hectares, a 7.9% increase. Both the increase in average size that results from the decrease of sharecropping as well as the decrease that results from lower fixed rent are inefficient as they preclude gains to trade that would be realized were it not for the insecurity of property rights caused by conflict. Furthermore, the 13.3 hectare increase due to less sharecropping is greater than the 7.2 hectare fall due to less fixed rent, so that in net average farm size increases, which in a country with such high land ownership concentration as Brazil, is considered in itself an undesirable outcome.
-Concluding Remarks
In Brazil, land reform, by affecting the security of property rights via increasing land conflicts, has a perverse impact on land rentals resulting in an inefficiency or inability to realize the gains from agricultural contracting. In a large commodity based country like Brazil the losses are undoubtedly high. Even if there are other reasons not related to land conflict for why some farmers may want to hold large and unproductive properties, such as to hedge against inflation (very relevant for the time period of our data) or for political power, it would still be advantageous to the prospective tenant and sharecroppers, as well as to society, for the landowner to rent the land and profit twice (Rezende, 2006; Sayad, 1982) . The very low levels of tenancy in Brazil and much of Latin America are thus a puzzle. The difficulty of solving this paradox lays not so much in being able to point to causes of the scarcity of rental contracts. In this paper we have provided very robust evidence that insecure property rights are an important deterrent to tenancy arrangements. The greater puzzle, as noted by Conning and Robinson (2007: 421) is why economic agents are not able to contract around these inefficiencies.
The extent of the losses from forgoing rental contracts in Brazil has in the recent past led to several attempts at getting around the impediments of tenancy by creating special regional programs where all the necessary conditions would be provided by policymakers and other organizations for rental transactions to take place. Buainain et al. (2008) survey some of these attempts and conclude that "however well considered the initiatives are, they have not achieved their goals … county administrations do not manage to use either the incentives or the coercive instruments required to induce landowners and landless farmers to negotiate under equal conditions leading to mutually profitable contracts." It is the understanding of this greater inability to credibly commit to not expropriating rented farms and thereby the inablility to realize the gains from contracting that is the real puzzle to be explained. Put another way:
given that both landowners and tenants would benefit from more secure property rights, what are the impediments to a more sensible land reform policy? We conjecture that the answer rests on the politics of land reform, a debate that entails the entire electorate and not simply the parties to the contract. Given Brazil has the highest land inequality in Latin America, with a highly urbanized and enfranchised citizenry, voters favor a land reform policy based on redistribution which has the unintended consequence of increasing land conflicts and reducing the career mobility prospects of many landless rural peasants. Sub-sample size = 1000, Number of subsamples = 10,000. Only 3347 statistically significant (10%) coefficients were included in the histogram, of which 75 (2.2%) were positive and 3271 (97.8%) were negative. Agricultural data (source = IBGE Agricultural Census) 
